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&RUUHVSRQGLQJDXWKRUHPDLOZHLPHQJ#ZKXWHGXFQ

$EVWUDFW²7R LPSOHPHQW WKH FRQWURO V\VWHP RI D PXOWL'2)
URERWLF PDQLSXODWRU 'RERW WKH URERW G\QDPLFV WUDMHFWRU\
SODQQLQJ DOJRULWKP DQG PRWLRQ FRQWURO VWUDWHJ\ DUH VWXGLHG IRU
GHVLJQLQJ WKH WUDMHFWRU\ WUDFNLQJ FRQWURO V\VWHP ,Q WKLV SDSHU
WKHKDUGZDUHDQGVRIWZDUHRI'RERWPDJLFLDQFRQWUROV\VWHPDUH
GHVLJQHG7KHKDUGZDUHPDLQO\ LQFOXGHV670FRQWUROOHU7KH
VRIWZDUHSDUWPDLQO\EXLOGVWKHKRVWFRPSXWHUGLVSOD\LQWHUIDFH
FRPSOHWHV WKH SURWRFRO FRPPXQLFDWLRQ EHWZHHQ WKH URERW
PDQLSXODWRUDQGWKH3&VRDVWRUHDOL]HWKHWUDMHFWRU\WUDFNLQJ
FRQWURO RI WKH URERW PDQLSXODWRU DQG LPSOHPHQW WKH WUDFN
IROORZLQJ LQ UHDO WLPH 7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH
FRQWURO V\VWHP FDQ DFFXUDWHO\ WUDFN WKH WUDMHFWRU\ RI URERWLF
PDQLSXODWRUZLWKDFHUWDLQGHJUHHRIUHDOWLPHDQGVWDELOLW\
.H\ZRUGV URERWLFPDQLSXODWRU˗ WUDMHFWRU\ WUDFNLQJFRQWURO˗
WUDMHFWRU\SODQQLQJ˗FRQWUROV\VWHPV
, ,1752'8&7,21
8QGHU WKH WUHQG RI $, DOO FRXQWULHV DUH LQQRYDWLQJ DQG
GHYHORSLQJ WKHLU RZQ URERW WHFKQRORJ\ $PRQJ WKHP WKH
UHVHDUFK WHFKQRORJ\ LQ -DSDQ .RUHD 8QLWHG 6WDWHV DQG
*HUPDQ\ LV PRUH DGYDQFHG >@ :LWK WKH FRQWLQXRXV
GHYHORSPHQW RI &KLQD
V HFRQRP\ DQG WHFKQRORJ\ LQ UHFHQW
\HDUV WKH UHVHDUFK LQ WKH ILHOG RI LQYHVWPHQW LV PRUH
LQFUHDVLQJDQGJUDGXDOO\GHYHORSHGLWV&KLQHVHFKDUDFWHULVWLFV
RIWKHURERWWHFKQRORJ\DQG&KLQHVHLQGXVWU\OHDGHUVEHJDQWR
EXLOGLQWHOOLJHQWGLJLWDOIDFWRU\>@$WWKHVDPHWLPHZLWKWKH
ULVHRIVHUYLFHURERWPDQLSXODWRULVDOVRLQWRRXUGDLO\OLIH LQ
UHFHQW \HDUV WKHUH KDYH EHHQ D QXPEHU RI ORZ FRVW VPDOO
GHVNWRS DUPSURGXFWV JUDGXDOO\ SHRSOHEHJDQ WR KRSH WKDW
FRQYHQLHQW LQWHOOLJHQWPDQLSXODWRUFDQZDONLQWRRXUGDLO\OLIH
>@
5RERW SURGXFWV DUH PRYLQJ LQ WKH GLUHFWLRQ RI KLJK
SUHFLVLRQ KLJK LQWHOOLJHQFH VWURQJ FRQWUROODELOLW\ DQG KLJK
SHUIRUPDQFH>@7KHUHDUHDQXPEHURIGRPHVWLFDQG IRUHLJQ
UHVHDUFK LQVWLWXWHV 'HOLQJRQ JLYHV D GHWDLOHG LQWURGXFWLRQ RI
WKHGHVNWRSURERW>@KDUGZDUHFLUFXLW<RQJNXL0DQXVHVWKUHH
GHJUHHVRIIUHHGRPURERWPDQLSXODWRUWRVWXG\WKHDFFXUDF\RI
WKHZULWLQJWKURXJKWKHLQWHUSRODWLRQDOJRULWKPDQGFRRUGLQDWH
WUDQVIRUPDWLRQPHWKRG>@ WR LPSOHPHQWGLIIHUHQWKDQGZULWWHQ
FDOOLJUDSK\ .: .ZRN GLG D JUHDW GHDO RI ZRUN RQ D ILYH
GHJUHHRIIUHHGRP PDQLSXODWRU DQG DGGHG PDFKLQH YLVLRQ WR
FRUUHFW HUURUV LQ ZULWLQJ LQ UHDO WLPH .LP 6 . VWXGLHG SHQ
ZULWLQJDQGZULWLQJLQWHQVLW\>@
$ PDWXUH PDQLSXODWRU ZLOO LQFOXGH PHFKDQLFDO VWUXFWXUHV
VHQVRU DSSOLFDWLRQV KDUGZDUH IDFLOLWLHV UHODWHG GULYLQJ
VRIWZDUH>@DQG LQWHOOLJHQWFRQWURODOJRULWKPV$QG WKHURERW
WUDMHFWRU\SODQQLQJLVPDLQO\WRVWXG\WKHHQGRIWKHURERWSDWK
PRWLRQ DQG PRYHPHQW LQ WKH SURFHVV RI PRYLQJ VSHHG DQG
DFFHOHUDWLRQ 7UDMHFWRU\ SODQQLQJ VKRXOG QRW RQO\ FRQVLGHU
ZKDWNLQGRIFXUYHWKHPRWLRQSDWKEXWDOVRFRQVLGHUWKHWLPH
IDFWRU WUDMHFWRU\ SODQQLQJ VR WKDW PDNHV WKH PDQLSXODWRU
PRYHV IDVW DFFXUDWHO\ DQG VWHDGLO\ $W WKH VDPH WLPH WKH
NLQHPDWLFVFRQWURODQGG\QDPLFFRQWUROQHHGWREHVWXGLHGVR
WKDW WKH ZKROH PDQLSXODWRU FRQWURO V\VWHP KDV EHWWHU WUDFNLQJ
PRWLRQDQGVWURQJHUDQWLLQWHUIHUHQFHDELOLW\>@
,Q WKLV SDSHU ZH PDLQO\ VWXG\ RQ WKH GUDZLQJ RI PXOWL
GHJUHHRIIUHHGRPURERWLFPDQLSXODWRUPDLQO\RQWKHDQDO\VLV
RINLQHPDWLFV WUDMHFWRU\SODQQLQJDQGFRQWUROVRIWZDUHGHVLJQ
RIURERWLFDUPDQGILQDOO\UHDOL]HWKHIXQFWLRQRIDUPSDLQWLQJ
7KHUHVWRIWKLVSDSHULVDUUDQJHGDVIROORZV6HFWLRQ,,SUHVHQWV
5RERWPDQLSXODWRUV\VWHP5RERWLF WUDMHFWRU\ WUDFNLQJFRQWURO
LVGHVFULEHGLQ6HFWLRQ,,,6HFWLRQ,9GUDZVWKHFRQFOXVLRQRI
WKHSDSHU
,, 52%270$1,38/$7256<67(0
7KH WUDFNLQJ V\VWHP LQFOXGHV URERW PDQLSXODWRU 3&
670SURFHVVRU WRXFK VFUHHQGHYLFH7KH XSSHU PRQLWRU LV
XVHG WR DFFHSW DQG MXGJH WKH FKHFN FRPPDQG DFKLHYLQJ
FRPPXQLFDWLRQZLWKWKHURERWPDQLSXODWRULQWKH96WRREWDLQ
WKH UHDOWLPH FRRUGLQDWHV GDWD >@7KHQ WKURXJK WKH
FRRUGLQDWH PDSSLQJ WKHGDWD LVGLVSOD\HG LQFRRUGLQDWH FXUYH
LQUHDOWLPH
7KH 670 SURFHVVRU LV WKH FRUH RI WKH WUDFNLQJ FRQWURO
V\VWHPZKLFKLQFOXGHVWRXFKVFUHHQGULYHULQLWLDOL]DWLRQWRXFK
VLJQDO FDSWXUH GDWD SURFHVVLQJ DQG WUDQVIRUPDWLRQ WKH
FRUUHVSRQGLQJ ILOWHU SURFHVVLQJ )LUVW RI DOO WKH URERW LV
LQLWLDOL]HG DQG WKHQ DFFRUGLQJ WR WKH 'RERW URERW
FRPPXQLFDWLRQ SURWRFRO 373 PRGH WKH GDWD LQ DFFRUGDQFH
ZLWKWKHIUDPHKHDGHUSDULW\DQGRWKHUSURWRFROVZDVVHQWRXW
7KH URERW PDQLSXODWRU LV XVHG DV WKH DFWXDWRU WR DQDO\]H WKH
SRVLWLRQ FRRUGLQDWHV DQG WKHQ H[HFXWH WKH FRUUHVSRQGLQJ
DFWLRQV DQG PRWLRQ VR DV WR DFKLHYH WKH SXUSRVH RI WUDFNLQJ
>@ ,QRUGHU WR IXUWKHU VWXG\DQGXQGHUVWDQG WKH VWUXFWXUHRI
URERWPDQLSXODWRUWKHDFWXDOFRRUGLQDWHGLDJUDPDUHVKRZQLQ
)LJXUH>@
 

)LJXUH$FWXDOFRRUGLQDWHGLDJUDPRI'RERWPDQLSXODWRU
7KHGHVLJQRI URERW PDQLSXODWRU WUDFNLQJ V\VWHP LQFOXGHV
KDUGZDUH DQG VRIWZDUH 7KH KDUGZDUH PDLQO\ LQFOXGHV WKH
DFWXDWRURIWKHURERWPDQLSXODWRU670SURFHVVRUDQGFRORU
VFUHHQPRGXOH7KHVRIWZDUHPRGXOHLQFOXGHWKHGHVLJQRI3&
VLGH LQWHUIDFH WKH LQWHUSUHWDWLRQ DQG VHQGLQJ RI SURWRFRO
LQVWUXFWLRQV DQG WKH GUDZLQJ RI WKH UHDOWLPH FRRUGLQDWH
SRVLWLRQFRQVWLWXWHV
$ 7KHKDUGZDUH
7KH KDUGZDUH RI URERW PDQLSXODWRU WUDFNLQJ V\VWHP LV
FRPSRVHG RI URERW PDQLSXODWRU V\VWHP 670 PLQLPXP
V\VWHP DQG (87)7 FRORU VFUHHQ PRGXOH 7KH 670
PLQLPXP V\VWHP DV RXU FRUH SURFHVVRU XVHV D VHULHV RI
VWPI]H FKLSV ELW $50 PLFURFRQWUROOHUV 7KH (8
7)7 FRORU VFUHHQ PRGXOH LQSXW LV D KDUGZDUH GHYLFH WKDW
FROOHFWV WKHWRXFKEXWWRQVLJQDODQGWUDQVPLWV WKHVLJQDOWRWKH
670FRUHSURFHVVRULQWKHIRUPRIOHYHOIRUSURFHVVLQJ7KH
URERWPDQLSXODWRU V\VWHPZLWK WKHFRUHSURFHVVRUDFFHSWVDQG
H[HFXWHV H[WHUQDO FRPPDQGV DQG FDQ FRQWURO WKH VWHSSHU
PRWRUV WKURXJK3&SODWIRUP 'RERW6WXGLR:L)L%OXHWRRWK
$33 WKH /HDS PRWLRQ 6RPDWRVHQVRU\ &RQWUROOHU DQG PDQ\
RWKHU ZD\V 7KH KDUGZDUH FRPSRVLWLRQ RI WUDFNLQJ V\VWHP LV
VKRZQLQ)LJXUH

D7KHKDUGZDUHGHVLJQEORFNGLDJUDP

E7KHKDUGZDUHGHVLJQEORFNGLDJUDP
)LJXUHD7KHKDUGZDUHGHVLJQEORFNGLDJUDPDQGE
7KHKDUGZDUHGHVLJQEORFNGLDJUDP
% 7KHVRIWZDUH
7KH VRIWZDUH RI WKH URERW PDQLSXODWRU WUDFNLQJ V\VWHP
PDLQO\ LQFOXGHV WZR SDUWV WKH GHVLJQ RI WKH XSSHU FRPSXWHU
LQWHUIDFH DQG WKH GHVLJQ RI WKH WUDFNLQJ V\VWHP 7KH WUDFNLQJ
V\VWHPXVHVWKH670PLFURSURFHVVRUDVWKHFRUHWRFRPSOHWH
GDWD DFTXLVLWLRQ DQG ILOWHULQJ FRPPXQLFDWLRQ ZLWK WKH 'RERW
PDQLSXODWRU DXWRPDWLF GUDZLQJ WRXFK ZULWLQJ DOJRULWKP DQG
KDQGZULWLQJ VFUHHQ GULYHU WKH XSSHU FRPSXWHU LQWHUIDFH
LQFOXGHV WKH FRPPXQLFDWLRQ SURWRFRO DQG $3, LQWHUIDFH WR
UHDOL]HWKHGDWDFRPPXQLFDWLRQEHWZHHQ3&DQGURERWDUPDQG
WKHFXUYHRIWKHGUDZLQJ>@

)LJXUH7KHEORFNGLDJUDPRIPDQLSXODWRUFRQWUROV\VWHP
7KH SXUSRVH RI FRQWUROOLQJ RI 'RERW PDQLSXODWRU LV WR
FRQWURO WKH SRVLWLRQ RI WKH HQG DUP WR FRQVLVWHQW ZLWK WKH
GHVLUHG WUDMHFWRU\,QRUGHU WR DFKLHYH WUDMHFWRU\ WUDFNLQJ LW LV
QHFHVVDU\ WR HVWDEOLVK WKH NLQHPDWLFV DQG G\QDPLFV PRGHO RI
WKH'RERW PDQLSXODWRU7KH VSHFLILF IHHGEDFNFRQWUROSURFHVV
LVVKRZQLQ)LJXUH>@
'RERWPDQLSXODWRULVGLYLGHGLQWRWZRVSRUWVPRGHVRQHLV
SRLQWWRSRLQW PRYHPHQW WKDW LV 373 PRGH VXFK DV VXFWLRQ
PRYHPHQWUHFLSURFDWHXSDQGGRZQIURP$WR%WKHRWKHULV
FRQWLQXRXV 7UDMHFWRU\ PRYHPHQW WKDW LV &3 PRGH VXFK DV
FRQWLQXRXV WUDMHFWRU\ GUDZLQJ 7KH NLQHPDWLF PRGHO RI WKH
URERW PDQLSXODWRU FDOFXODWHV WKH PRYHPHQW DQJOHV RI WKH
FRUUHVSRQGLQJMRLQWVDFFRUGLQJWRWKHFRRUGLQDWHVRI WKHWDUJHW
VR DV WR REWDLQ WKH FRRUGLQDWHV RI WKH HQGV RI WKH URERW
PDQLSXODWRU >@ '\QDPLF FRQWURO LV DFWXDOO\ WR FRQWURO WKH
DFWXDOG\QDPLFPRWLRQRI WKHURERWPDQLSXODWRU,Q WKHDFWXDO
SURFHVVRI URERW PDQLSXODWRUPRYHPHQW WKH HIIHFWLYH FRQWURO
DOJRULWKPQHHGVWREHFRQVLGHUHGWRHQVXUHWKHVWDELOLW\RIURERW
PDQLSXODWRU FRQWURO V\VWHP DQG WKH DFFXUDF\ RI WUDMHFWRU\
WUDFNLQJ>@
,,, 52%27,&75$-(&725<75$&.,1*&21752/
7KH GHVLJQ RI WKH URERW
V WUDFNLQJ V\VWHP LQFOXGHV WKH
VRIWZDUH SDUW DQG KDQGZULWWHQ WUDMHFWRU\ FRQWURO WKH VRIWZDUH
GHVLJQ LQFOXGHV DXWRPDWLFGUDZLQJRI URERWLF WUDFNLQJ V\VWHP
DQG WKH WUDMHFWRU\ FRQWURO PRYHPHQW DOJRULWKP +DQGZULWWHQ
WUDMHFWRU\ FRQWURO VHFWLRQ PDLQO\ LQWURGXFHV WKH V\VWHP
V
LQVWUXFWLRQDQGWKHKDQGZULWLQJHIIHFWV
$ 5RERWLF$UP3DWK3ODQQLQJ
%HIRUHGHVLJQLQJWKHWUDMHFWRU\RIWKHURERWWKHFRRUGLQDWH
WUDQVIRUPDWLRQPHWKRGLQURERWLFVLVLQWURGXFHGWRHVWDEOLVKWKH
IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH FRUUHVSRQGLQJ ;<= DQG
WKH URWDWLRQ DQJOHRI WKH MRLQW %HFDXVH WKH FRQQHFWLQJ URGRI
WKHURERWDUPFDQEHUHJDUGHGDVULJLGDVLPSOHSRLQWWRSRLQW
PRWLRQ PRGHO LV FUHDWHG ZKHQ   T  WKH FRUUHVSRQGLQJ
FRRUGLQDWHVRI'FDQEHXQLTXHO\GHWHUPLQHGE\    T T T DQG
WKHJHRPHWULFPRGHOLVVKRZQLQ)LJXUH

)LJXUH7ZRGLPHQVLRQDO'2)SRLQWWRSRLQWJHRPHWULF
PRGHO
:KHUH

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
7KHIDVWWUDFNLQJDOJRULWKPDQGWKHILWWLQJRIWKHFRQWLQXRXV
WUDMHFWRULHV DGGHG GXULQJ WKH DFWXDO PRYHPHQW ZKLFK ZLOO
PDGH WKH URERW PRYH PRUH JHQWOH DQG  TXLFNO\ )LUVW WKH
FRRUGLQDWH FXUYH RI WKH PRYHPHQW LV GLVFUHWL]HG GHILQH
     [ V V \ \ V ] ] V D V E   d d    QD V V V Ed d d d d 
WKHQFRQWUROOLQJWKHURERWPRYHWRWKHVWDUWLQJSRLQWDWDIDVWHU
VSHHGFDOFXODWLQJWKHFRQQHFWLRQGLVWDQFHIURPWKLVSRLQW L'  
WRWKHQH[WWDUJHWSRLQW L' DQGREWDLQWKHUHDOWLPHFRRUGLQDWHV
RIWKHILQJHUWLS8VLQJWKHHUURUEHWZHHQWKHH[SHFWHGWUDMHFWRU\
DQGWKHDFWXDOWUDMHFWRU\ WKHSRVLWLRQRIWKHWLSRIWKHURERW LV
XSGDWHGLQUHDOWLPH%\FRQVWDQWO\FRUUHFWLQJWKHSODFHPHQWRI
FRQWLQXRXVO\XSGDWHGFXUYHV WKHPRWLRQRI WKHFXUYH LV ILWWHG
WRPDNHWKHPDQLSXODWRUPRUHFRPIRUWDEOHWRFRPSOHWHWKHWDVN
% 5RERWLF7UDFNLQJ$OJRULWKP
7KHGUDZLQJRIVWUDLJKWOLQHVDQGDUFVLVWKHNH\SUREOHPWR
EH VROYHG LQ WKH GUDZLQJ RI D URERW DUP ,W LV GHWHUPLQHG
ZKHWKHUWKHWUDMHFWRU\GUDZQIURPWKHFXUUHQWSRLQWWRWKHQH[W
SRLQWLVWKHVDPHDVH[SHFWHG
:KHQ GUDZLQJ D FLUFOH XVLQJ WKH WLFNLQJ FORFN LQ WKH
670SURFHVVRUWRVHQGDSRVLWLRQFRPPDQGHYHU\PVWKH
SRVLWLRQ FRRUGLQDWHV RI ZKLFK VDWLVI\ WKH 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FDQUHGXFHHUURUE\DGGLQJWKHQXPEHURIPLFURHOHPHQWV
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)LJXUH7KHH[SHULPHQWDOUHVXOWV
$QGWKHQVHQWWKHPLFUR\XDQSRVLWLRQSDFNDJHWRWKHURERW
DUPWKHHTXDWLRQFDQDOVREHPXOWLSOLHGE\DIDFWRUWRDFKLHYH
WKHVL]HRIWKHDFWXDOKHDUWVKDSHG7KHH[SHULPHQWDOUHVXOWVDUH
VKRZQLQ)LJXUH,WFDQEHVHHQIURPWKHILJXUHWKDWWKHJUDSK
GUDZQ E\ WKH URERW LV YHU\ FORVH WR WKH DFWXDO JUDSK DQG WKH
WUDMHFWRU\ZULWWHQLVYHU\VPRRWKLQGLFDWLQJWKDWWKHDOJRULWKP
PHQWLRQHGDERYHLVFRUUHFW
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$WWKLVPRPHQW WKH]D[LVRI WKHURERW  LVFRQWUROOHGWRPRYH
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FRRUGLQDWHV WRFRPSOHWH WKHDFWLRQRI OLIWLQJDQGGURSSLQJ WKH
SHQ7KHFRGHQHHGVWREHGRQHUHODWHGWRWKHIROORZLQJVWHS
D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E'GDWDILOWHULQJSURFHVV
F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G&FRRUGLQDWHPDSSLQJ
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WUDFNHGWKHFRUUHVSRQGLQJFKDUDFWHUVWUDMHFWRU\LQWKHSDSHULQD
YHU\VKRUWWLPH WKHQWKHUHVXOWGLDJUDP¶VSRVLWLRQFRRUGLQDWHV
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,9 &21&/86,21
7KLV DUWLFOH GHVFULEHV D URERWLF WUDMHFWRU\ WUDFNLQJ FRQWURO
V\VWHP WKDW YHULILHV WUDMHFWRU\ WUDFNLQJ DFFXUDF\ E\ ZULWLQJ
)LUVWRI DOO WKH UHODWHGG\QDPLFPRGHO LV HVWDEOLVKHGDQG WKH
WUDMHFWRU\ SODQQLQJ DOJRULWKP LV UHVHDUFKHG 7KURXJK WKH
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